Male Wistar rats were meal-fed on diets containing various amounts of resistant starch in the form of raw starch (either amylomaize starch, potato starch or modi6ed high-amylase starch) or retrograded starch (prepared from each of the starches) for 6 weeks. Two diets containing normal maize starch were fed as diets poor in resistant starch. Energy absorption (energy consumption minus faecal energy loss), growth, weight of the epididymal fat pads, serum total cholesterol and triacylglycerol concentrations and a number of intestinal and faecal variables were determined. The resistant starches atiected all the variables determined except the serum total cholesterol concentration. Relationships were found between energy absorption and both growth and the weight of the fat pads, and between the weight of the fat pads and both the serum triacylglycerol concentration and the serum total cholesterol concentration. No clear Merencea between the effects of the two types of resistant starch (raw starch Y. retrograded starch) were found except that raw potato starch hardly stimulated H, excretion and led to lower amounts of propionic and butyric acids in the caecal contents than the other starches. The results suggest that dietary resistant starch reduces energy absorption leading to less abdominal depot fat and lower serum triacylglycerol concentrations.
Male Wistar rats were meal-fed on diets containing various amounts of resistant starch in the form of raw starch (either amylomaize starch, potato starch or modi6ed high-amylase starch) or retrograded starch (prepared from each of the starches) for 6 weeks. Two diets containing normal maize starch were fed as diets poor in resistant starch. Energy absorption (energy consumption minus faecal energy loss), growth, weight of the epididymal fat pads, serum total cholesterol and triacylglycerol concentrations and a number of intestinal and faecal variables were determined. The resistant starches atiected all the variables determined except the serum total cholesterol concentration. Relationships were found between energy absorption and both growth and the weight of the fat pads, and between the weight of the fat pads and both the serum triacylglycerol concentration and the serum total cholesterol concentration. . 1992) . In previous studies we found that feeding diets containing a high amount of retrograded starch led to lower serum triacylglycerol and total cholesterol concentrations and epididymal fat pad weights (De Deckere ef al. 1992, 1993) .
In the present study we have investigated the effects of raw and retrograded starch on a number of variables, in particular on energy absorption, and whether energy absorption may be involved in the effects of RS on the serum triacylglycerol and cholesterol 
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Short-chain fatty acids (SCFA).
Caecal (200 mg) and faecal (500 mg) samples were homogenized in 1 and 5 ml water respectively, after which 2.5 and 0 6 pmol ethyl butyric acid (Merck, Darmstadt, Germany) respectively were added. After mixing, the homogenates were centrifuged at 2500 g for 15 min. Portions of the supernatant fractions were mixed with 5 vol. ethanol, and the resulting precipitates removed by centrifugation. The pH of 1 ml samples was raised to 10-1 1 with NaOH, and the samples were extracted with 2 ml n-heptane. The heptane fraction was removed and the ethanol-water mixture evaporated with a stream of N, at 37". The residue was dissolved in phosphoric acid (1 mol/l), immediately before analysis by GLC. Samples were injected into a Perkin Elmer (Beaconsfield, Bucks.) gas-liquid chromatograph using split injection. The gas-liquid chromatograph was equipped with a WCOT Fused Silica FFAP CB column with a f i l m thickness of 0.3 pm (25 m x 0.32 mm; Chrompack, Middelburg, The Netherlands) and a fused silica retention cap (2.5 m x 0.32 mm, Chrompack). SCFA were detected using a flame-ionization detector. The temperatures of the injection port and detector were 220 and 250' respectively. The oven temperature was kept at 115" for 4 min before the temperature was raised 30" per min to 220". Concentrations of SCFA were calculated by using ethyl butyric acid as internal standard and a response factor for each SCFA. Each series of analyses included a control sample consisting of a pooled sample of faeces.
Faecal fat excretion. Total fat in faeces was determined according to a standard procedure (Folch et al. 1957 ).
Calculation of apparent starch digestibility, apparent energy absorption and resistant starch consumption Apparent starch digestibility and apparent energy absorption (starch digestibility and energy absorption respectively) were calculated using the values for feed consumption and faeces production determined in week 4. Starch digestibility was calculated as the proportion of starch ingested that was not later recovered in the faeces. Energy absorption was calculated as gross energy consumption minus the energy lost in the faeces. Gross energy consumption was calculated as the product of feed consumption and the gross energy per g feed. The latter value was calculated from the amounts of fat, protein and carbohydrate in the diets and their energy values (Tables 1 and 2 ). The energy lost in the faeces was calculated as the sum of the amount of faecal starch multiplied by 17.2 kJ/g, and the dry weight of the faeces minus the faecal starch multiplied by 19 kJ/g. The latter value is the energy value of faeces of rats fed on a comparable semi-synthetic diet without RS (bomb calorimetry; E. J. Brink, unpublished results). Energy loss due to H, excretion was 0 4 % or less of the energy of the total dietary starch and was neglected. RS consumption was calculated as the product of feed consumption and the amount of RS in the feed.
Statistics
Statistical analysis was performed by using Statistical Analysis Systems (1987) procedure. Data were analysed by one-way ANOVA. Differences between the groups were established using the Student-Newman-Keuls multiple-range test. Significance was assessed at the P -= 005 level. Relationships (between groups) between the amount of dietary RS (mg/g feed) and dependent variables, and mutual relationships (within groups with group as classification factor) between dependent variables were analysed by the general linear models procedure.
RESULTS
Resistant starch
As mentioned previously, the amount of RS in the starch preparations was determined by the method of Englyst et al. (1992) as the difference between total and digestible starch ... Tissue (g wet wt)
Content (g wet wt)
Total starch serum triacylglycerol (TAG) concentration and serum total cholesterol TC) concentration of rats receiving diEerent types and amounts of resistant starch. Group 1, raw Hylon VII; group 2, gel cold-water-soluble Hylon VII; groups 3 and 4, raw and gel Meritena A resptively ; groups 5 and 6, raw and gel potato starch respectively; groups 7 and 8, raw and gel Ultra-set LT respectively. For details of starches and diets, see Tables 1 and 2 ( Table 2 ). However, instead of an incubation period of 2 h, as in the original method, the amount of digestible starch was determined after 6 h incubation because after 2 h incubation only 74 YO of raw Meritena starch was hydrolysed. After 4 and 6 h incubation, 94 and 99.5 % of raw Meritena starch was hydrolysed respectively. Because raw Meritena starch was well digested in vivo (Table 3) , 2 h incubation was evidently too short, and 6 h incubation appeared to be appropriate for the hydrolysis of all or nearly all the digestible starch of raw Meritena in the in vitro assay.
Feed and resistant starch consumption
Feed consumption (g/d) was highest in the raw-potato starch group (group 5), followed by that in the raw-Hylon VII group (group l), the groups with the largest amounts of dietary Fig. 2 . Correlation between energy absorption and (a) growth, and (b) the weight of the epididymal fat pads in all rats (n 64) receiving different types and amounts of resistant starch. Individual values are denoted by their dietary group: group I , raw Hylon VII; group 2, gel cold-water soluble Hylon VII; groups 3 and 4, raw and gel Meritena A respectively; groups 5 and 6, raw and gel potato starch respectively; groups 7 and 8, raw and gel Ultraset LT respectively. For details of starches and diets, see Tables 1 and 2 . For details of procedures, see pp. 288-290. (P = 04001) and the weight of the fat pads (P = 00001). The data are plotted in Fig. 2 (a   and b) . These results show that the energy absorption as calculated by us was an appropriate variable.
Serum triacylglycerol and cholesterol concentrations
The serum triacylglycerol concentration was the highest in the raw-Meritena group (group 3) and the lowest in the raw-potato-starch group (group 5 ; Fig. 1 (e) ). The effects of the starches on the serum triacylglycerol concentration, energy absorption, and the weight of the fat pads were similar (see Fig. 1 (c, d and e) ). No significant differences between the serum total cholesterol concentrations in the eight groups were found (Fig. 1 0 ) . The serum triacylglycerol concentration (P = 0*001), but not the serum total cholesterol concentration (P = O-S), was related to the amount of dietary RS. Within groups, both the serum triacylglycerol and the total serum cholesterol concentration showed significant relationships with the weight of the fat pads (P < 0.01). The data are plotted in Fig. 3 (a   and b) . No significant relationships between the serum lipid concentrations and the other variables determined were found.
RESISTANT STARCH A N D LIPID METABOLISM
Small intestinal, caecal and faecal variables and starch digestibility
The starch affected the tissue weights and contents of the small intestine and caecum (Table  3) . Furthermore, appreciable amounts of starch were found in the caecal contents and faeces, particularly in the Hylon VII groups and the raw-potato starch group resulting in low starch digestibilities. The starch also affected fermentation, leading to increases in H, excretion, SCFA production and faeces production, and a lowering of the caecal pH. However, the H, production of the raw-potato starch group was low and not different from that of the Meritena groups. A relatively high amount of acetic acid (93 %) and relatively low amounts of propionic (2 %) and butyric acid (5 %) were present in the caecal contents of the raw-potato starch group, whereas in the maize-starch groups the average values were: acetic acid 71 YO, propionic acid 15 %, butyric acid 12 YO. As expected, the intestinal and faecal variables determined, except the caecal pH and H, excretion, showed significant positive relationships with the amount of dietary RS (between groups) and RS consumption (within groups; P < 0.04). The caecal pH showed a significant inverse relationship with the dietary RS amount (P= 0.002), whereas H, excretion did not show a significant relationship, probably, because raw potato starch did not increase H, excretion. 1989, 1990) . We have also found that high-RS diets led to lower serum triacylglycerol and total cholesterol concentrations in the rat (De Deckere et al. 1992, 1993) . In the present study the effect of RS on postabsorptive serum triacylglycerol concentration was confirmed, but we did not find a significant effect on the serum total cholesterol concentration. This discrepancy may be explained by the fact that in the present study various types of starch and RS were used whereas in our previous studies retrograded starch prepared from amylose-rich starch was used as a type of RS. Retrograded starch may lower the serum cholesterol concentration by several mechanisms, including an increase in faecal bile acid excretion. Starch, as is the case for non-starch polysaccharides, can bind bile acids in vitro (Bianchini et al. 1989 ). Furthermore, a non-significant increase in faecal bile acid excretion, in addition to a reduction in the serum cholesterol concentration, has been found in rats fed on diets containing amylomaize starch (Sacquet et al. 1983) . We have also found that retrograded starch increased faecal bile acid excretion (M. J. F. Verbeek, unpublished results). These findings suggest that RS obtained from high-amylose starch may bind bile acids in the small intestine, as a result of which faecal bile acid excretion and the serum cholesterol concentration may be affected.
However, not every type of RS can bind bile acids. It is not expected that RS in the form of resistant starch granules (such as raw potato starch) binds bile acids, and the effect of raw potato starch on the serum cholesterol concentration, as found by Carroll et al. (1978) and Dkmignk & Rkmksy (1982), may be explained by another mechanism. In humans a correlation between the serum total cholesterol concentration and the visceral fat: subcutaneous fat ratio has been found, indicating that the abdominal fat mass may be correlated with the serum cholesterol concentration (Fujioka et al. 1987) . In the present study we have found that dietary RS, probably as a result of a reduction in energy absorption, affected the weight of the epididymal fat pads, and within the groups a significant positive relationship between the serum cholesterol concentration and the weight of the fat pads was found. The relationship can be explained as follows. Adipose tissue mass affects the plasma concentration of the free fatty acids. Some of these fatty acids are incorporated into the triacylglycerols of the very-low-density lipoproteins (VLDL). Furthermore, Morand et al. (1992) have found that dietary RS decreased the free fatty acid concentration in the postabsorptive period. Thus, high-RS diets can lead to both a lower adipose tissue mass and a lower free fatty acid concentration as a result of which the triacylglycerol synthesis in the liver may be reduced. This may lead to fewer VLDL particles. Since RS had no effect on hepatic cholesterol synthesis (De Deckere et al. 1993) , this may result in VLDL particles containing more cholesterol per particle. Assuming an unchanged clearance rate of lipoprotein particles, this may mean that cholesterol is removed from the plasma at a faster rate, leading to a lower plasma cholesterol concentration. It will be clear that a reduction in triacylglycerol synthesis will also lead to a lower serum triacylglycerol concentration. Thus, the reduction in the adipose tissue mass by RS can contribute to both lower serum cholesterol and triacylglycerol concentrations.
Because RS can decrease the serum insulin concentration (Morand et al. 1992) , the role of insulin in lipid metabolism also has to be considered. Insulin stimulates hepatic triacylglycerol synthesis and adipose tissue lipoprotein lipase. (EC 3.1.1.34). A lower insulin concentration may result in a lower triacylglycerol synthesis and a reduction in triacylglycerol clearance by adipose tissue. However, we found no effect of dietary RS on lipoprotein lipase activity in epididymal fat pad (De Deckere et al. 1993 ).
The energy available from fermented RS ranges between 9.0 and 9.5 kJ/g (Southgate, 1989; Mathers, 1992 ). In combination with the feeding regimen in which the rats were given two ad lib. meals for 30 min, this might have restricted feed intake, as a result of which there was an inverse relationship between the amount of dietary RS and energy absorption.
However, a positive relationship was found between the amount of RS and feed intake. Thus, feed intake of the rats fed on raw potato starch was 44 YO higher than that of the rats fed on gelatinized potato starch. Furthermore, the effects of RS on the serum lipid concentrations were also found in ad lib. (Rao & Rao, 1978) and positively correlated with starch digestibility (Fleming & Vose, 1979) . As is the case with non-starch polysaccharides (Bore1 et al. 1989) , we also found an increase in faecal fat excretion by RS.
In addition, this effect on fat absorption might also contribute to a reduction in serum lipid concentration, as has been suggested for non-starch polysaccharides.
As far as we know, the effect of RS on fat accretion in rats has only been studied by Livesey et a!. (1990). However, although in their study the apparent energy digestibility was lower in the RS groups than in the control group, whereas the gross energy intakes were similar, they did not find an effect of RS on the weight of the epididymal fat pads, and on the total and relative amounts of body fat. The reason why their results differ from ours is not clear. The amount of RS in their diets was approximately 16% of total carbohydrates. Although less than in our diets, it is not likely that this can explain the discrepancy. An explanation may be that in their study sucrose was used as the only or main carbohydrate source. Sucrose compared with digestible starch has profound effects on plasma insulin concentration and insulin sensitivity, and on fat accretion (Laube et 
